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Description
TECHNICAL FIELD

[0001] The present invention relates to a disease rodent model in which a chronic pain, particularly chronic muscle
pain and/or chronic tactile allodynia, is induced by a treatment for decreasing the biogenic amine level, and a method
for screening for a therapeutic agent for a chronic pain, particularly fibromyalgia, which uses said disease animal model.

BACKGROUND ART

[0002] The pain is defined as an unpleasant sense which is accompanied by existing tissue damage or is expressed
from such an experience, or an experience of an emotional action (International Association for the Study of Pain, 1979),
and is divided into an acute pain and a chronic pain.

In the acute pain, a nociceptive stimulus which violates a tissue of the biological body is input into a peripheral nociceptor,
converted into an action potential and transferred as an impulse to the spinal cord, at which it is influenced by various
inhibitory system such as descending system, and ascends the sensory transfer system and reaching the cerebral
cortex, so that the acute pain is recognized. That is, the acute pain is a physiological pain caused by a nociceptive
stimulus, and has a significance as a warning reaction in the biological body. The acute pain disappears by cancellation
of the nociceptive stimulus or healing of the injury.

On the other hand, the chronic pain is a pain which is complained regardless of the healing of tissue injury or a pain
which is complained regardless of the absence of evident tissue injury. That is, the chronic pain is "a pain which is
complained regardless of exceeding the period generally necessary for healing of the disease, or a pain related to
progressive non-cancerous diseases".

The chronic pain does not have a physiological significance as a biological body warning system unlike the case of acute
pains and, what is more, it greatly spoils quality of life of patients. Thus, the chronic pain is an independent disease and
requires a treatment, namely elimination of pain, but most cases of the chronic pain are intractable.

[0003] The fibromyalgiais a disease which has a systemic unbearable chronic pain as the core symptom accompanied
by various comorbid symptoms such as sleeplessness, systemic fatigue feeling, depressive symptom and the like.
Diagnostic standards of the American College of Rheumatology are the continuation of a pain over broad range of the
body for 3 months or more and the presence of tenderness at 11 points or more among the 18 tender points on the
whole body (ligaments, tendons, muscles and the like contacting with bones). It is sometimes accompanied by a pain
caused by a tactile stimulus or cold stimulus which does not generally cause a pain, called tactile allodynia or cold
allodynia. In addition, it is also frequently accompanied by a thermal hyperalgesia in which sensitivity for thermal stimulus
is accelerated. Since prevalence rate of fibromyalgia is about 2% of the population, a considerably large number of
patients are present. However, since a sufficiently effective therapeutic method is not present, concern has been strongly
directed toward the development of a new therapeutic method having high efficacy.

[0004] Pathophysiological mechanism of fibromyalgia is not sufficiently revealed. Since the systemic unbearable chron-
ic pain and various comorbid symptoms such as sleeplessness, systemic fatigue feeling, depressive symptom and the
like, as the characteristics of fibromyalgia, cannot be fully described by a peripheral level abnormality, it is considered
that an abnormality of pain-controlling mechanism of the central nervous system is participated in the pathophysiological
mechanism of fibromyalgia (e.g., see Non-patent Reference 1). Actually, results of studies which used a functional
magnetic resonance imaging (fMRI) and a single-photon emission tomography (SPET) show that there is an abnonnality
in the brain function of fibromyalgia patients (e.g., see Non-patent References 2 and 3).

[0005] Quantitative changes and functional abnormalities of various neurotransmitters, cytokines or hormones are
suggested on fibromyalgia patients. Concentration of excitatory amino acid, substance P or nerve growth factor in the
cerebrospinal fluid of fibromyalgia patients is higher in comparison with that of the non-patient groups. On the other
hand, metabolite concentration of serotonin, dopamine or norepinephrine in the cerebrospinal fluid of fibromyalgia patients
is lower in comparison with that of the non-patient groups (e.g., see Non-patent Reference 4). It has been reported that
there is a correlation between the amount of excitatory amino acid as a brain excitatory transmitter in brain insula and
the pain level of fibromyalgia patients (e.g., see Non-patent Reference 5).

In addition, it has been reported that there is an abnormality in the release mechanism of brain dopamine for a pain
stimulus in fibromyalgia patients (e.g., see Non-patent Reference 4). Cytokines such as interleukin-1 and tumor necrosis
factor (Tumor Necrosis Factor) have been detected from the skin tissue of fibromyalgia patients (e.g., see Non-patent
Reference 6). In addition, it has been suggested that the secretion function of growth hormone or insulin-like growth
factor (IGF) is reduced in fibromyalgia patients (e.g., see Non-patent Reference 4). Thus, a possibility has been suggested
that many neurotransmitters, cytokines or hormones and the like are contributed to the pathophysiological mechanism
of fibromyalgia, but it has not been revealed yet that which change is the causal pathogenesis and which one is the
consequent phenomenon. That is, pathophysiological mechanism of fibromyalgia has not been revealed yet (e.g., see
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Non-patent Reference 6).

[0006] Recently, it has been reported that pregabalin (a nerve Ca2* channel ligand), duloxetine (a selective serotonin
and norepinephrine reuptake inhibitor) or pramipexole (a dopamine receptor agonist) alleviates the pain symptom score
of fibromyalgia patients statistically significantly in comparison with the placebo group (e.g., see Non-patent References
71t09).

However, effects of these drugs are limited, and there is no therapeutic method yet which is sufficiently effective on the
pain-centered symptoms of fibromyalgia patients. Accordingly, there is a strong demand for the development of a further
excellent therapeutic agent which has sufficient effects and shows fewer side effects.

[0007] In general, validity of a disease animal model is evaluated from the viewpoint of face validity (whether or not
the model and human disease symptomatically resemble), construct validity (whether or not the model is based on the
theoretical ground) and predictive validity (whether or not the effects of therapeutic agent in the model and clinical setting
are correlated). As the disease animal model of the chronic pain which is accompanied by muscle pain, there have been
reported a method in which carrageenan or acidic water is intramuscularly injected (e.g., see Non-patent References
10 and 11) and a method in which a repeated forced swimming load is applied (e.g., see Non-patent Reference 12).
However, there has not been reported so far on an animal model which sufficiently reflects the pathophysiological
mechanism of fibromyalgia from the viewpoint of face validity, construct validity and predictive validity.

[0008] Regarding the pain inducing action of reserpine, it has so far been reported that single intraperitoneal admin-
istration of reserpine causes hypersensitivity to thermal stimulation in rats. However, it has been reported that this
hypersensitivity to thermal stimulation is a transient acute pain which disappears within 24 hours (e.g., see Non-patent
Reference 13). Induction of the generation of a pain by reserpine over a long period of time of 1 day or more has not
been reported yet.

Regarding the action of reserpine on the biogenic amine level, it has been reported that the repeated subcutaneous
administration of reserpine 0,5 mg/kg /day for 2, 7 and 14 consecutive days induces chronic catecholamine depletion
in virtually all brain regions of rats (see Non patent Reference 14). Though no nociceptive sensitivities have been
assessed by behavioural tests.

Regarding the current use of non human animals for screening therapeutic treatment of chronic pain, the effects of
pregabalin on muscle and cutaneous hyperalgesia in two models of chronic muscle pain in rats, the inflammatory model
induced by intramuscular injection of carragean, and the non inflammatory model induced by two unilateral injections
of acidic saline into the gastrocnemius muscle (see Non patent Reference 15).

[0009]

Non-patent Reference 1: Nature Clinical Practice Rheumatology, 2006, vol. 2, p. 90 - 97
Non-patent Reference 2: Journal of Rheumatology, 2004, vol. 31, p. 364 - 378

Non-patent Reference 3: American journal of the Medical Science, 1998, vol. 315, p. 385 - 396
Non-patent Reference 4: Current Opinion in Investigational Drugs, 2007, vol. 16, p. 829 - 841
Non-patent Reference 5: Arthritis & Rheumatism, 2008, vol. 58, p. 903 - 907

Non-patent Reference 6: Joint Bone Spine, 2008, vol. 75, p. 273 - 279

Non-patent Reference 7: The Journal of Rheumatology, 2008, vol. 35, p. 502 - 514
Non-patent Reference 8: Pain, 2008, vol. 136, p. 432 - 444

Non-patent Reference 9: Arthritis & Rheumatism, 2005, vol. 52, p. 2495 - 2505

Non-patent Reference 10: Pain, 2000, vol. 35, p. 333 - 343

Non-patent Reference 11: Muscle & Nerve, 2000, vol. 24, p. 37 - 46

Non-patent Reference 12: Physiology & Behavior, 2006, vol. 88, p. 82 - 87

Non-patent Reference 13: European Journal of Pharmacology, 1982, vol. 83, p. 325 - 328
Non patent Reference 14: Journal of neurological Science, 1992, vol.110,p.205-214

Non patent Reference 15 : Journal of Pain, 2007, vol.8,p 422-429

DISCLOSURE OF THE INVENTION
PROBLEMS THAT THE INVENTION IS TO SOLVE

[0010] Forthe purpose of creating a therapeutic agent for fibromyalgia, a disease non human animal model is essential
which reflects the pathophysiological mechanism of fibromyalgia from the viewpoint of face validity, construct validity
and predictive validity and also can carry

out screening of a test substance efficiently. However, a disease non human animal model which fully satisfies such
conditions has not been reported.

Accordingly, the present inventors have carried out intensive studies with the aim of developing a disease non human
animal model which persistently generates chronic pain symptoms of muscle pain and tactile allodynia and depressive
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symptoms, which are characteristic symptoms of fibromyalgia, and also has excellent predictability of clinical effects of
therapeutic agents, and a screening method which uses the same.

MEANS FOR SOLVING THE PROBLEMS

[0011] As aresult, it was found that, by administering reserpine to a rodent, chronic muscle pain and chronic tactile
allodynia which is sustained over 1 week or more after its administration can be generated. Further, it was confirmed
that this onset of chronic muscle pain and chronic tactile allodynia is originated from decrease of the biogenic amine
level caused by reserpine. Further, it was confirmed that the rodent administered with reserpine persistently generates
a depressive symptom together with the chronic muscle pain and chronic tactile allodynia. In addition, it was confirmed
that pregabalin, duloxetine and pramipexole whose efficacy on fibromyalgia has been confirmed by clinical trials are
effective on this disease animal model but diclofenac, which is a non-steroidal anti-inflammatory agent, is not effective.
Thus, the present invention relates to:

[1] The use of a rodent to which reserpine was administered for inducement of chronic muscle pain and/or chronic
tactile allodynia as a disease animal model for chronic pain.

[2] The use described in [1], wherein the disease animal model further expresses a depression symptom.
[3] The use described in [1] or [2] wherein the rodent is a rat.

[4] A method for screening for a therapeutic agent of chronic pain, characterized in that a test substance is admin-
istered to the disease animal model described in any one of [1] to [3].

[5] The method for screening described in [4], wherein the muscle pressure pain threshold value, the skin pain
sensation threshold value, cold sensitivity and/or heat sensitivity is measured.

[6] The method for screening described in [4] or [5] wherein the chronic pain is fibromyalgia.
EFFECT OF THE INVENTION

[0012] By thetreatmentfor decreasing the biogenic amine level, the disease rodent model used in the presentinvention
persistently expresses chronic pain symptoms of muscle pain and tactile allodynia and expresses a depression symptom
as an comorbid symptom. This disease rodent model is excellent in the face validity in terms that it shows the sustained
chronic pain symptoms (muscle pain and tactile allodynia) and is also accompanied by the depression symptom. Since
the biogenic amine such as dopamine, norepinephrine, serotonin and the like is deeply participated in the pain sensation
transmission, attenuation of the pain controlling mechanism by the biogenic amine could become a pathophysiological
mechanism of the chronic pain. That is, this disease rodent model is excellent in the construct validity in terms that
reduction of the biogenic amine level of the central nervous system is participated in the pain symptoms. In addition,
this disease rodent model is also excellent in the predictive validity in terms that the agents whose efficacy on fibromyalgia
has been confirmed by clinical trials are effective therein and a mere non-steroidal anti-inflammatory agent is not effective.
Thus, said disease rodent model is markedly useful as a disease model of chronic pains, particularly fibromyalgia.
Accordingly, candidates for therapeutic agent of chronic pains, particularly fiboromyalgia, can be efficiently evaluated by
the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

Fig. 1 is a graph showing influence of reserpine repeated administration upon muscle pressure pain threshold value
in male rat (A) and female rat (B).

Fig. 2 is a graph showing influence of reserpine repeated administration upon skin pain sensation threshold value
in male rat (A) and female rat (B).

Fig. 3isagraphrespectively showinginfluences of the reserpine repeated administration treatment upon the amounts
of dopamine (A, D and G), norepinephrine (B, E and H) and serotonin (C, F and 1) in the spinal cord, thalamus and
prefrontal cortex (open circle: vehicle administration group, closed circle: 0.1 mg/kg administration group, closed
inverted triangle, 0.3 mg/kg administration group, closed triangle: 1 mg/3cg administration group).

Fig. 4 is a graph showing immobility time in a forced swimming test on the 15t day (A)3' day (B), 5t day (C), 7th
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day (D) and 14th day (E) after repeated administration of reserpine.

Fig., 5 is a graph respectively showing effects of pregabalin (A and B), duloxetine (C and D), pramipexole (E and
F) and diclofenac (G and H) on the reduction of muscle pressure pain threshold value and reduction of skin pain
sensation threshold value , which were induced by repeated reserpine administration. Fig. 6 is a graph showing
influences of single administration treatment of reserpine upon muscle pressure pain threshold value (A), skin pain
sensation threshold value (B), cold sensitivity (C) and heat sensitivity (D).

Fig. 7 is a graph respectively showing influences of vehicle single administration (open circle) and reserpine single
administration (closed circle) upon the amount of dopamine (A), norepinephrine (B), serotonin (C), DOPAC (D),
MHPG (E) and 5-HIAA (F) in the spinal cord.

Fig. 8 is a graph respectively showing influences of vehicle single administration (open circle) and reserpine single
administration (closed circle) upon the amount of dopamine (A), norepinephrine (B), serotonin (C), DOPAC (D),
MHPG (E) and 5-HIAA (F) in the thalamus.

Fig. 9 is a graph respectively showing influences of vehicle single administration (open circle) and reserpine single
administration (closed circle) upon the amount of dopamine (A), norepinephrine (B), serotonin (C), DOPAC (D),
MHPG (E) and 5-HIAA (F) in the prefrontal cortex.

BEST MODE OF CARRYING OUT THE INVENTION

[0014] The following describes the present invention further in detail. Examples of the rodent to be used in the present
invention, include rodents such as rat, mouse, Mongolian gerbil, guinea pig, hamster and the like.

Male or female, weeks of age, body weight, the presence or absence of delivery and the like of rodents are not particularly
limited as long as they may be employed in the preparation of the disease rodent model of interest and in the screening
of a test substance.

[0015] The amine is a general term of compounds in which the hydrogen atom of ammonia (NHy) is substituted with
a hydrocarbon group such as an alkyl group and the like. The biogenic amine means an amine biosynthesized in vivo,
and examples thereof include a catecholamine, an indoleamine and an imidazoleamine. Examples of the catecholamine
include dopamine, norepinephrine (noradrenaline) and epinephrine (adrenaline). Examples of the indoleamine include
serotonin and melatonin. Examples of the imidazoleamine include histamine.

A treatment for reducing the biogenic amine level is a treatment for reducing the amine level in a mammal, and examples
thereof include administration of an agent which reduces the biogenic amine level. Examples of the agent which reduces
the biogenic amine level include a vesicular monoamine transporter inhibitor, a sympathetic nerve inhibitor, an biogenic
amine biosynthesis inhibitor and a neurotoxin. Examples of the vesicular monoamine transporter inhibitor include reser-
pine and tetrabenazine. Examples of the sympathetic nerve inhibitor include guanethidine, bretylium and o-methyldopa.
Examples of the biogenic amine biosynthesis inhibitor include p-chlorophenylalanine, a-methyltyrosine and carbidopa.
Examples of the neurotoxin include 6-hydroxydopamine (6-OHDA), 5,7-dihydroxytriptamine (5,7-DHT) and N-(chloroe-
thyl)-N-ethyl-2-bromobenzylamine (DSP-4).

The method for administering reserpine which reduces the biogenic amine level and induces chronic muscle pain and/or
chronic tactile allodynia is optionally adjusted in accordance with the species and bodyweight of the animal and properties
of the agent. The administration may be either single administration or repeated administration (administration of two
or more times by making room for a certain period of time). For example, in the case of the repeated administration, the
administration may be carried out once or two or more times a day for 2 days to 1 month. The route of administration
includes subcutaneous administration, intraperitoneal administration, oral administration and the like, though not limited
thereto. The dose is optionally adjusted in accordance with the species and body weight of the animal, route of admin-
istration, properties of the agent and the like. For example, from 0.3 mg/kg to 1 mg/kg is preferable when reserpine is
subcutaneously administered repeatedly to rat once a day for 3 days. Also, from 1 mg/kg to 3 mg/kg is preferable in the
case of single administration of reserpine to rat. As the administration solvent, water, physiological saline and the like
may be used, though not limited thereto. The administration may be carried out using a syringe and the like, though not
limited to this method.

[0016] The chronic pain is a pain which is complained by a patient regardless of exceeding the period of time generally
required for healing of the disease or a pain related to progressive non-cancerous diseases. Though the chronic pain
continues generally for 3 to 6 months or more in the case of human, it is not appropriate to apply the duration of pain of
human as such to other mammals which have life spans different from human. In the case of rodents having a life span
of approximately 1 to 3 years, a pain which is generally sustained for several days or more may be regarded as a chronic
pain.

[0017] The chronic pain in the disease rodent model for use in the present invention may be evaluated by a muscle
pressure pain threshold value which is an index of the chronic muscle pain and/or by the reduction of a skin pain sensation
threshold value that is an index of tactile allodynia. In addition, the chronic pain can also be evaluated by the reduction
of reaction threshold value for a mechanical stimulation such as a plantar stimulation by a Randall-Selitto and a pinch
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stimulation, reduction of reaction threshold for a thermal stimulation, reduction of reaction threshold for cold stimulation,
reduction of reaction threshold for electric stimulation, increase of pain behavior for chemical stimulation, increase of
spontaneous pain behavior such as foot lifting behavior in the absence of a stimulation and the like. However, evaluation
methods of chronic pains are not limited thereto.

For example, the chronic pain can be evaluated by the measurement of one or two or more a muscle pressure pain
threshold value which becomes the index of the chronic muscle pain; reduction of a skin pain sensation threshold value
that becomes the index of tactile allodynia; cold sensitivity that becomes the index of cold allodynia; and heat sensitivity
that becomes the index of thermal hyperalgesia.

The muscle pressure pain threshold value is a size of minimum pressure stimulation at which an animal generates a
withdrawal reaction when a gradually increasing pressure stimulation is applied to a muscle, and as its measurement,
various conventionally known methods may be used by selecting them in accordance with the species of animal. For
example, in the case of rat, it can be measured by the method of Schafers et al. as is shown later in the Examples, that
is, the size of minimum pressure stimulation to which the rat shows a withdrawal reaction is used as the muscle pressure
pain threshold value, by adding a gradually increasing pressure stimulation to the right hind leg gastrocnemius muscle.
The skin pain sensation threshold value is size of minimum tactile stimulation at which an animal generates a withdrawal
reaction when a gradually increasing tactile stimulation is applied to the skin, and as its measurement, various conven-
tionally known methods may be used by selecting them in accordance with the species of animal. For example, in the
case of rat, by the von Frey hair method as is shown later in the Examples, von Frey filaments having different diameters
are applied to the plantar surface of the right hind paw by the von Frey hair method as is shown later in the Examples,
and the filament of minimum diameter to which the rat shows a withdrawal reaction is measured as the skin pain threshold
value.

The cold sensitivity is the reactivity of an animal when a cold stimulus is added thereto, and as its measurement, various
conventionally known methods may be used by selecting them in accordance with the species of animal. For example,
in the case of rat, as is shown later in Examples, it may be measured as the number of reactions when acetone is applied
to the hind legs of the rat by the acetone method.

The heat sensitivity is the reactivity of an animal when a heat stimulus is added thereto, and as its measurement, various
conventionally known methods may be used by selecting them in accordance with the species of animal. For example,
in the case of rat, as is shown later in Examples, it may be measured by the method of Hargreaves et al., as the hind
paw withdrawal reaction concealment when hind paw of a rat is stimulated with infrared heat.

On the other hand, the depressive symptom may be evaluated using, as the index, increase of immobility time in forced
swimming test. However, the measurement of depressive symptom is not limited to this index, and in addition to this,
immobility time in tail suspension test, spontaneous motor activity and the like may also be used as the index.

[0018] In the screening method of the present invention, administration of a test substance maybe carried out at any
time after the treatment for inducing chronic muscle pain and/or chronic vactile allodynia. For example, it is administered
within 1 week after completion of the treatment. For example, effect of a test substance may be evaluated by administering
it during an optional period of from the 3'd day to 7th day after the repeated administration of reserpine to a rodent, during
which the muscle pressure pain threshold value and skin pain sensation threshold value are significantly reduced (Ex-
ample 1) and the immobility time in forced swimming test as the index of depressive symptom is significantly reduced
(Example 3). In addition, its effect may be evaluated by administering the test substance during an optional period of
from the 2"d day to 10th day after single administration of reserpine to a rodent, during which the muscle pressure pain
threshold value, skin pain sensation threshold value and the cold sensitivity are significantly accelerated (Example 5).

As the test substance, a conventionally known or novel synthetic compound, a natural product, an antibody, a nucleic
acid, a peptide, a protein and the like, as well as a biological tissue extract, a cell culture supernatant and the like, may
be used.

Administration of a test substance is carried out in accordance with the characteristics of the test substance, by oral
administration, intravenous administration, percutaneous administration, intraperitoneal administration, intrathecal ad-
ministration, intracerebroventricular administration and the like. The test substance is generally administered using an
administration solvent. For example, when the test substance is orally administered, preferred is a method in which it is
dissolved or suspended in water, an organic solvent or the like and forcedly administered using a syringe, a dropper or
the like.

In carrying out the screening method of the present invention, it is desirable to use a control group in which physiological
saline, distilled water or the like alone instead of the test substance, as a comparative control group to which the-
substance-administered group is compared.

EXAMPLES

[0019] The following describes the present invention further in detail based on the examples, though the present
invention is not limited to these examples.
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Example 1 Influence of repeated administration of reserpine upon the muscle pressure pain threshold value and skin
pain sensation threshold value

1. Test methods

[0020] Male and female Sprague-Dawley rats (Japan SLC, Hamamatsu, Japan) were used.

[0021] Measurement of muscle pressure pain threshold value was carried out in accordance with the method of
Schafers et al. (Schafers M. et al., Pain, 104, 579 - 588, 2003). A pressure stimulus of gradually increasing to 250 g at
the maximum was added to the rat right hind leg gastrocnemius muscle. Size of the minimum pressure stimulus, at
which rat shows withdrawal reaction from the right hind leg pressure stimulus, was measured as the muscle pressure
pain threshold value (g). The measurement was carried out 3 times at each point of time of the measurement, and the
average was used as the measurement value. Measurement of the skin pain sensation threshold value was carried out
in accordance with the method of Chaplan et al. (Chaplan et al., J. Neurosci. Methods, 53, 55 - 63, 1994). This was
measured using a series of von Frey filaments having different diameters which may add a constant pressure. After
adaptation of each rat to a wire mesh bottom cage for measurement, von Frey filament (0.42, 0.74, 1.2, 2.1, 3.5, 6.0,
9.3 or 15.8 g) was applied to the plantar surface of the right hind paw of the rat until withdrawal reaction occurred on the
right hind paw or the reaction did not occur with a lapse of 6 seconds. The von Frey filament was applied using the up
and down method. That is, by firstly applying a filament of middle diameter, a filament having one rank smaller diameter
was applied when the withdrawal reaction was observed or a filament having one rank larger diameter was applied when
the withdrawal reaction was not observed. The skin pain sensation threshold value at each point of time of the meas-
urement was calculated as a hind paw withdrawal reaction threshold value (g) using the calculation formula reported by
Chaplan et al. (Chaplan et al., described above). Influences of reserpine upon the muscle pressure pain threshold value
and skin pain sensation threshold value were examined by the following protocol. A total of 24 animals for each of male
and female rats were used. After measuring muscle pressure pain threshold value and skin pain sensation threshold
value before the reserpine treatment (base line), they were divided based on the reserpine administration doses into a
solvent (0.5% acetic acid aqueous solution) group, a reserpine 0.1 mg/kg group, a 0.3 mg/kg group and a 1 mg/kg group
(the number of animals per one group was 6). The solvent or reserpine was subcutaneously administered on the back
of the rats of each group once a day for 3 days. All of the administration volume of the solvent or reserpine was set to
1 ml per 1 kg body weight of each animal. After final administration of the solvent or reserpine, the muscle pressure pain
threshold value and skin pain sensation threshold value of each rat were measured 1, 3, 5, 7, 10, 14 and 21 days
thereafter. Measurement of muscle pressure pain threshold value and skin pain sensation threshold value was carried
out by the experimenters who did not know reserpine administration doses to the animals.

[0022] All of the measured values were expressed as average value *+ standard error. Statistical significance test of
the measured values between the reserpine administration groups and the solvent administration group at each point
of time was carried out by a two-way analysis of variance and the Bonferroni method. Probability value (P) of less than
5% was judged as statistically significant (P < 0.05 was expressed as * in the graphs).

2. Results
(1) Muscle pressure pain threshold value

[0023] The results in males and females are respectively shown in Fig. 1A and Fig. 1B. The reserpine treatment
significantly reduced the muscle pressure pain threshold value in both of male and female rats (two-way analysis of
variance). The muscle pressure pain threshold value was markedly reduced in the reserpine 1 mg/kg group. In comparison
with the solvent group, the muscle pressure pain threshold value in the reserpine 1 mg/kg group was statistically signif-
icantly low until 10 days after the reserpine final administration in male rats, and until 7 days after the reserpine final
administration in female rats (two-way analysis of variance and Bonferroni method).

The above results revealed that the repeated subcutaneous administration of 1 mg/kg reserpine once a day for 3 days
induces sufficient and persistent reduction of muscle pressure pain threshold value in male and female rats. This persistent
muscle pain inducing pharmacological action of reserpine has not been reported until now but was newly found by this
example.

(2) Skin pain sensation threshold value

[0024] The results in males and females are respectively shown in Fig. 2A and Fig. 2B. The reserpine treatment
significantly reduced the skin pain sensation threshold value in both of male and female rats (two-way analysis of
variance). The skin pain sensation threshold value was markedly reduced in the reserpine 1 mg/kg group. In comparison
with the solvent group, the skin pain sensation threshold value in the reserpine 1 mg/kg group was statistically significantly
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low until 21 days after the reserpine final administration in male rats, and until 14 days after the reserpine final admin-
istration in female rats (two-way analysis of variance and Bonferroni method).

The above results revealed that the repeated subcutaneous administration of 1 mg/kg reserpine once a day for 3 days
induces sufficient and persistent reduction of skin pain sensation threshold value in male and female rats (tactile allodynia:
a pain generated by a tactile stimulus which does not generally cause pain). This pharmacological action of reserpine
to persistently reduce skin pain sensation threshold value has not been reported until now but was newly found by this
example. That is, since the chronic pain symptoms of consistent muscle pain and tactile allodynia are generated, the
above results of (1) and (2) showed that this disease animal model is excellent from the viewpoint of face validity.

Example 2 Influences of the repeated administration of reserpine upon the amounts of dopamine, norepinephrine and
serotonin in the spinal cord, thalamus and prefrontal cortex 1. Test methods

[0025] Male Sprague-Dawley rats (7 weeks old, Japan SLC, Hamamatsu, Japan) were used as the animal.

A total of 96 rats were divided into 8 test schedules (collection of samples before administration and 1, 3, 5, 7, 10, 14
or 21 days after the final administration) and further divided each of them into a vehicle (0.5% acetic acid aqueous
solution) administration group, a reserpine 0.1 mg/kg administration group, a 0.3 mg/kg administration group and a 1
mg/kg administration group, to 3 rats per group. As shown in Example 1, the vehicle or 0.1, 0.3 or 1 mg/kg of reserpine
was repeatedly administered to each rat once a day for 3 days, and the brain and spinal cord were quickly collected 1,
3,5, 7,10, 14 or 21 days after the final administration. The thalamus and prefrontal cortex were separated from the
brain on an ice-cold dish.

Regarding the sampling before administration, samples were collected before beginning of the repeated administration
of vehicle or reserpine. The collected samples were quickly frozen and stored at-80°C until their use in the measurements.
On the day of the measurement, tissues of respective samples were subjected to wet weight measurement, homogenized
in 0.2 M perchloric acid/0.1 mM EDTA-2Na solution using an ultrasonic homogenizer. After centrifugation at 15,000 g
and at 4°C for 15 minutes, the supernatant was adjusted to pH 3.5 using sodium acetate and filtered using a filter.
Amounts of dopamine, norepinephrine and serotonin in these samples were measured using a high performance liquid
chromatography (column: SC-50DS 30, 150 mm, Eicom Co., Ltd., Kyoto, Japan, mobile phase composition: 0.1 M
sodium acetate buffer, 0.1 M citrate buffer, pH 3.5, 5 mg/l EDTA-2Na, 190 mg/l sodium octane sulfonic acid, 17%
methanol) and an electrochemical detector (ECD-300, Eicom Co., Ltd., Kyoto, Japan). The measurement was carried
out under conditions of flow rate 0.5 ml/min, applied voltage 750 mV and 25°C. Amounts of dopamine, norepinephrine
and serotonin in the samples were quantified by comparing sample peak areas of respective standards measured on
the same day of the sample measurement. All of the measured values were expressed as average value * standard
error in the graphs, and unit of the measured values was set to ng/g tissue wet weight.

Statistical difference of the measured values between the reserpine administration group and the vehicle administration
group in each test schedule was carried out by the two-way analysis of variance and the Bonferroni method. Probability
value (P) of less than 5% was judged as statistically significant (P < 0.05 was expressed as * in the graphs). In addition,
average values of respective groups at each point of time were expressed as percentages of the average values of
corresponding vehicle administration groups.

2. Results

[0026] Effects of the administration of reserpine on the amounts of dopamine, norepinephrine and serotonin in the
spinal cord are respectively shown in Fig. 3A, Fig. 3B and Fig. 3C, effects of the administration of reserpine on the
amounts of dopamine, norepinephrine and serotonin in the thalamus are respectively shown in Fig. 3D, Fig. 3E and Fig.
3F, and effects of the administration of reserpine on the amounts of dopamine, norepinephrine and serotonin in the
prefrontal cortex are respectively shown in Fig. 3G, Fig. 3H and Fig. 3I.

In the spinal cord, by the administration of 0.1, 0.3 and 1 mg/kg of reserpine, the amount of dopamine 1 day thereafter
was reduced to 46.4%, 26.3% and 18.4% of the vehicle administration group, and all of which were significant reduction
compared to the vehicle administration group. In the same manner, the amount of norepinephrine was reduced to 19.1%,
2.6% and 0.6%, and all of which were significant reduction. Also, the amount of serotonin was reduced to 45.4%, 15.7%
and 0.1%, and all of which were significant reduction. Thereafter, amounts of the dopamine, norepinephrine and serotonin
were gradually increased. However, amounts of the dopamine, norepinephrine and serotonin after 21 days inthe reserpine
1 mg/kg administration group were 70.1%, 59.4% and 67.8%, respectively, of the vehicle administration group, and all
of which were significantly low compared to the vehicle administration group. That is, it was revealed that the repeated
administration of 1 mg/kg of reserpine once a day for 3 days markedly and persistently reduces amounts of dopamine,
norepinephrine and serotonin in the rat spinal cord.

In the thalamus, by the administration of 0.1, 0.3 and 1 mg/kg of reserpine, the amount of dopamine 1 day thereafter
was reduced to 49.2%, 53.2% and 24.5% of the vehicle administration group, and all of which were significant reduction
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compared to the vehicle administration group. In the same manner, the amount of norepinephrine was reduced to 43.8%,
6.1% and 1.2%, and all of which were significant reduction. Also, the amount of serotonin was reduced to 28.8%, 14.8%
and 8.9%, and all of which were significant reduction. Thereafter, all of the amounts of dopamine, norepinephrine and
serotonin were gradually increased. However, amounts of dopamine, norepinephrine and serotonin after 21 days in the
reserpine 1 mg/kg administration group were 66.5%, 46.0% and 60.7 %, respectively, of the vehicle administration group,
and all of which were significantly lower compared to the vehicle administration group. That is, it was revealed that the
repeated administration of 1 mg/kg of reserpine once a day for 3 days markedly and persistently reduces amounts of
dopamine, norepinephrine and serotonin in the rat thalamus.

In the prefrontal cortex, the administration of 0.1, 0.3 and 1 mg/kg of reserpine, the amount of dopamine 1 day thereafter
was reduced to 49.1%, 21.4% and 13.4% of the vehicle administration group, and all of which were significant reduction
compared to the vehicle administration group. In the same manner, the amount of norepinephrine was reduced to 10.2%,
0.7% and 0.2%, and all of which were significant reduction. Also, the amount of serotonin was reduced to 42.0%, 15.5%
and 4.6%, and all of which were significant reduction. Thereafter, all of the amounts of dopamine, norepinephrine and
serotonin were gradually increased. However, amounts of the dopamine, norepinephrine and serotonin after 21 days in
the reserpine 1 mg/kg administration group were 54.9%, 29.1% and 47.0%, respectively, of the vehicle administration
group, and all of which were significantly lower compared to the vehicle administration group. That is, it was revealed
that the repeated administration of 1 mg/kg of reserpine once a day for 3 days markedly and persistently reduces amounts
of dopamine, norepinephrine and serotonin in the rat prefrontal cortex.

Dopamine, norepinephrine and serotonin are involved in the pain sensation transmission, and all of the spinal cord,
thalamus and prefrontal cortex are the main regions responsible for the pain sensation transmission. Accordingly, these
results show that the reduction of muscle pressure pain threshold value and the reduction of skin pain sensation threshold
value shown in Example 1 are induced by the reduction of the biogenic amine level in the regions related to pain sensation
transmission pathway. That is, it was shown that this disease animal model is excellent in the construct validity from the
viewpoint that reduction of the biogenic amine level in the central nervous system associated with the pain transmission
is involved therein as a pain pathogenesis mechanism.

Example 3 Influence of repeated administration of reserpine upon immobility time in forced swimming test
1. Test methods

[0027] Male Sprague-Dawley rats (7 weeks old, Japan SLC, Hamamatsu, Japan) were used as the animal. The forced
swimming test was carried out by modifying the method of Porsolt et al. (1977) in the following manner. A soft wire
equipped with a magnet (1 mm in diameter, 3 mm in length) was attached to both forelimbs of each animal, and the
animal was allowed to swim in a cylindrical plastic water bath (20 cm in diameter, 45 cm in height) filled with water (24
+ 1°C) to a depth of 30 cm. In this test, the immobility time of each animal was measured using a forced swimming
automatic measuring device (MicroAct Scratching Test version 1.06; Neuroscience, Tokyo, Japan) which detects move-
ment of the forelimbs equipped with the magnet, through a coil around the cylinder.

Influence of reserpine upon the immobility time in the forced swimming test was examined in accordance with the
following protocol. A total of 80 rats were divided-into 5 test schedules (measurement of immobility time after 1, 3, 5, 7
or 14 days of the final administration) and further divided each of them into a vehicle (0.5% acetic acid aqueous solution)
administration group and a reserpine 1 mg/kg administration group, to 8 rats per group. As shown in Example 1, the
vehicle or 1 mg/kg of reserpine was repeatedly administered subcutaneously once a day for 3 days. One forced swimming
test included a pretest session (15 minutes of swimming) and a test session (5 minutes of swimming) 24 hours after the
pretest session, and measurement of the immobility time was carried out in the test session. The pretest session was
carried out after O (i.e., just after the final administration), 2, 4, 6 and 13 days of the final administration of the vehicle or
reserpine, and the test session was carried out after 1, 3, 5, 7 and 14 days of the final administration of the vehicle or
reserpine. Each rat was subjected to only one forced swimming test. All of the measured values were expressed as
average value * standard error. Statistical difference of the measured values between the reserpine administration
groups and the vehicle administration group in each test schedule was carried out by the Student’s t-test. Probability
value (P) of less than 5% was judged as statistically significant (P < 0.05 was expressed as * in the graphs).

2. Results

[0028] Results of the forced swimming tests after 1, 3, 5, 7 and 14 days of the final administration of reserpine are
shown in Fig. 4A, Fig. 4B, Fig. 4C, Fig. 4D and Fig. 4E, respectively. Significant increase in the immobility time by the
reserpine administration was not found after 1 day of the final administration (P = 0.625, Student’s t-test). On the other
hand, the reserpine administration group showed significant increase in the immobility time compared to the vehicle
administration group after 3, 5, 7 and 14 days of the final administration (respectively P = 0.0007, P = 0.004, P < 0.0001
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and P = 0.0008, Student’s t-test). The above results show that the repeated administration of 1 mg/kg of reserpine once
a day for 3 days induces a depressive symptom at least during the period of 3 to 14 days of the final administration.
Since it is well known that fibromyalgia patients exhibit depression as a comorbid symptom at a high rate, it is shown
that the disease animal model has a high similarity with the fibromyalgia patients from the viewpoint that it exhibits a
depressive symptom as a comorbid symptom. That is, it was shown that the disease animal model is excellent from
viewpoint of face validity because the pain symptom was accompanied by a depressive symptom.

Example 4 Evaluation of effects of drugs on reserpine repeated administration-induced reduction of muscle pressure
pain threshold value and skin pain sensation threshold value 1. Test methods

[0029] Male Sprague-Dawley rats (Japan SLC, Hamamatsu, Japan) were used as the animal. A total of 30 rats were
used for each drug. As shown in Example 1, 1 mg/kg of reserpine was repeatedly administered subcutaneously on the
back of 24 rats once a day for 3 days to induce reduction of the muscle pressure pain threshold value and skin pain
sensation threshold value. The other 6 rats were subjected to the test as a healthy control group without carrying out
the reserpine treatment.

All of the evaluations of drug effects were carried out 5 days after the final administration of reserpine. At this timing,
reduction of the muscle pressure pain threshold value and reduction of the skin pain sensation threshold value were
remarkable and statistically significant levels (Example 1) and the immobility time at the time of forced swimming test,
as the index of a depressive symptom, was significantly prolonged in comparison with the control group (Example 3).
On the day of drug effect evaluation (5 days after the final administration of reserpine), the muscle pressure pain threshold
value and skin pain sensation threshold value were firstly measured on all of the rats (24 reserpine-treated rats and 6
healthy rats). The 24 reserpine-treated rats were divided into 4 groups based on the doses of the test drug, and the
muscle pressure pain threshold value and skin pain sensation threshold value were measured after 30, 60, 120 or 240
minutes of the drug or solvent administration. On the 6 healthy rats, the drug administration was not carried out, but only
the measurement of muscle pressure pain threshold value and skin pain sensation threshold value was carried out. The
measurement of drug effects was carried out by experimenters who did not know the doses of drug treatment of animals.
The solvents, administration doses and routes of administration of respective test drugs are shown in the following table
[0030]

Test drug Solvent Route of administration Administration dose
Pregabalin Distilled water Oral administration 0, 3, 10, 30 mg/kg
Duloxetine Distilled water Oral administration 0, 3, 10, 30 mg/kg

Pramipexole | Physiological saline Subcutaneous administration | 0. 0.1, 0.3, 1 mg/kg

Diclofenac 0.5% methyl cellulose | Oral administration 0, 1, 3, 10 mg/kg

[0031] All of the measured values were expressed as average value *+ standard error. Statistical significance test of
the measured values between the test drug administration groups and the solvent administration group at each point of
time was carried out by a two-way analysis of variance and the Bonferroni method. Probability value (P) of less than 5%
was judged as statistically significant (P < 0.05 was expressed as * in the graphs).

2. Results

[0032] Effects of pregabalin on the reserpine repeated administration-induced muscle pressure pain threshold value
reduction and skin pain sensation threshold value reduction are respectively shown in Fig. 5A and Fig. 5B. Pregabalin
dose-dependently recovered the reserpine repeated administration-induced muscle pressure pain threshold value re-
duction and skin pain sensation threshold value reduction. The effect of pregabalin was statistically significant at a dose
of 10 or 30 mg/kg by the index of muscle pressure pain threshold value, and at a dose of 30 mg/kg by the index of skin
pain sensation threshold value (two-way analysis of variance and the Bonferroni method). This result shows that the
useful effect of pregabalin whose usefulness has been proved by a clinical trial on fibromyalgia patients (Mease PJ et
al., J. Rheumatol., 35, 502 - 514, 2008) can be detected by the disease animal model.

Effects of duloxetine on the reserpine repeated administration-induced muscle pressure pain threshold value reduction
and skin pain sensation threshold value reduction are respectively shown in Fig. 5C and Fig. 5D. Duloxetine statistically
significantly recovered the reserpine repeated administration-induced muscle pressure pain threshold value reduction
at a dose of 30 mg/kg (two-way analysis of variance and the Bonferroni method). Duloxetine showed a tendency to
recover the reserpine repeated administration-induced skin pain sensation pain threshold value reduction but was not

11



10

15

20

25

30

35

40

45

50

55

EP 2 327 299 B1

statistically significant (two-way analysis of variance and the Bonferroni method). This result shows that the useful effect
of duloxetine whose usefulness has been proved by a clinical trial on fibromyalgia patients (Russell IJ et al., Pain, 136,
432 - 444, 2008) can be detected by the disease animal model.

Effects of pramipexole on the reserpine repeated administration-induced muscle pressure pain threshold value reduction
and skin pain sensation threshold value reduction are respectively shown in Fig. 5E and Fig. 5F. Pramipexole dose-
dependently recovered the reserpine repeated administration-induced muscle pressure pain threshold value reduction
and skin pain sensation threshold value reduction. The effect of pramipexole was statistically significant at a dose of 0.3
or 1 mg/kg by the indexes of muscle pressure pain threshold value and skin pain sensation threshold value (two-way
analysis of variance and the Bonferroni method). This result shows that the useful effect of pramipexole whose usefulness
has been proved by a clinical trial on fibromyalgia patients (Holman AJ and Myers RR, Arthritis Rheum., 52, 2495 - 2505,
2005) can be detected by the disease animal model.

Effects of a non-steroidal anti-inflammatory agent, diclofenac, on the reserpine repeated administration induced muscle
pressure pain threshold value reduction and skin pain sensation threshold value reduction are respectively shown in
Fig. 5G and Fig. 5H. Diclofenac up to the dose of 10 mg/kg did not recover the reserpine repeated administration induced
muscle pressure pain threshold value reduction and skin pain sensation threshold value reduction. The effect of diclofenac
was not statistically significant by the indexes of muscle pressure pain threshold value and skin pain sensation threshold
value (two-way analysis of variance and the Bonferroni method). This result is in accordance with the findings that non-
steroidal anti-inflammatory agents ibuprofen (Yunus MB et al., J Rheumatol, 16, 527 - 532, 1989) and naproxen (Gold-
enberg DL et al., Arthritis Rheum, 29, 1371 - 1377, 1986) do not have a significant effect in the treatment of fibromyalgia
patients, thus showing that the disease animal model does not nonspecifically detect effects of analgesics.

The evaluation results of the above-mentioned four test drugs showed that the disease animal model has a high pre-
dictability on the clinical effect of test drugs in the chronic pain disease patients such as of fibromyalgia. That is, the
disease animal model is excellent in predictive validity.

Example 5 Influence of reserpine single administration upon muscle pressure pain threshold value, skin pain sensation
threshold value, cold sensitivity and heat sensitivity 1. Test methods

[0033] Male Sprague-Dawley rats (Japan SLC, Hamamatsu, Japan) were used. Measurement of muscle pressure
pain threshold value was carried out in the same manner as in Example 1. That is, a pressure stimulus of gradually
increasing to 250 g at the maximum was added to the right hind leg gastrocnemius muscle of each rat. Size of the
minimum pressure stimulus, at which rat shows withdrawal reaction from the right hind leg pressure stimulus, was
measured as the muscle pressure pain threshold value (g). The measurement was carried out 3 times at each point of
time of the measurement, and the average was used as the measurement value.

Measurement of the skin pain sensation threshold value was carried out in the same manner as in Example 1. That is,
this was measured using a series of von Frey filaments having different diameter which can add a constant pressure.
After adaptation of each rat to a wire mesh bottom cage for measurement, von Frey filament (0.42, 0.74, 1.2, 2.1, 3.5,
6.0, 9.3 or 15.8 g) was applied to the plantar surface of the right hind paw of the rat until withdrawal reaction occurred
on the right hind paw or the reaction did not occur within 6 seconds. The von Frey filament was applied using the up
and down method. That is, by firstly applying a filament of about middle diameter, a filament having one rank smaller
diameter was applied when the withdrawal reaction was observed or a filament having one rank larger diameter was
applied when the withdrawal reaction was not observed. The skin pain sensation threshold value at each point of time
was calculated as a hind paw withdrawal reaction threshold value (g).

[0034] Measurement of cold sensitivity was carried out in accordance with the method of Choi ef al. (choi et al., Pain,
59, 369 - 376, 1994). After adaptation of each rat to a wire mesh bottom cage for measurement, 50 pl of acetone was
sprayed to the plantar surface of the right hind paw of the rat using a syringe for insulin injection. The number of reactions
of the right hind paw (flinching, lifting and leg licking) occurred during 1 minute just after the spraying was measured
and used as the index of cold sensitivity. At each point of time of the measurement, the acetone spraying was carried
out 3 times at 5 minute intervals and the average was used as the measured vale. In this measuring system, larger
reaction frequency represents acceleration of the cold sensitivity.

Measurement of the heat sensitivity was carried out by the method of Hargreaves et al. (Hargreaves et al., Pain, 32, 77
- 88, 1988). A transparent measuring box was put on a glass plate supported with platforms and a rat was put therein
and acclimatized. A mobile infrared heat source was arranged under the glass plate and focused on the plantar surface
of the right hind paw of the rat. A latency time required for the rat to show a withdrawal reaction of right hind leg from
the heat source was measured as a withdrawal latency time and used as the index of heat sensitivity. According to this
measuring system, shorter withdrawal latency time represents acceleration of the skin heat sensitivity.

Influences of the reserpine single administration upon the muscle pressure pain threshold value, skin pain sensation
threshold value, cold sensitivity and heat sensitivity were examined in accordance with the following protocol. A total of
12 male rats were used. The muscle pressure pain threshold value, skin pain sensation threshold value, cold sensitivity
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and heat sensitivity before the reserpine treatment (base lines) were measured and then they were divided into a solvent
(0.5% acetic acid aqueous solution) group and a reserpine (3 mg/kg) group (the number of animals per group was 6).
The solvent or reserpine was subcutaneously administered on the back of the rats of each group. The administration
volume of the solvent or reserpine was set to 1 ml per 1 kg animal body weight in all cases. The muscle pressure pain
threshold value, skin pain sensation threshold value, cold sensitivity and heat sensitivity of each rat were measured at
the points of measurement time of acute phase after administration of the solvent or reserpine (2, 4, 8 and 24 hours)
and chronic phase (2, 3, 5, 7, 10, 14 and 21 days). The measurement was carried out by experimenters who did not
know the doses of substance administered.

All of the measured values were expressed as average value * standard error. Statistical significance test of the
measured values between the reserpine administration groups and the solvent administration group at each point of
time was carried out by the two-way analysis of variance and the Bonferroni method. Probability value (P) of less than
5% was judged as statistically significant (P < 0.05 was expressed as * in the graphs).

2. Results
(1) Muscle pressure pain threshold value

[0035] Timecourse change in the muscle pressure pain threshold value by reserpine single administration is shown
in Fig. 6A. Reserpine significantly increased the muscle pressure pain threshold value after 2, 4, 8 and 24 hours of its
administration. On the other hand, it significantly reduced the muscle pressure pain threshold value after 2, 3, 5, 7 and
10 days of the administration (two-way analysis of variance and the Bonferroni method). That is, it was revealed that,
at the acute phase (within 24 hours after administration) and chronic phase (in and after 2 days of administration), single
subcutaneous administration of reserpine induces different changes in the muscle pressure pain threshold value (hy-
posensitivity at acute phase and hypersensitivity at chronic phase).

(2) Skin pain sensation threshold value

[0036] Timecourse change in the skin pain sensation threshold value by reserpine single administration is shown in
Fig. 6B. Reserpine significantly reduced the skin pain sensation threshold value after 2 hours of its administration. Also,
reserpine significantly reduced the skin pain sensation threshold value during the chronic phase of 2, 3, 5,7, 10, 14 and
21 days after its administration (two-way analysis of variance and the Bonferroni method). That is, single subcutaneous
administration of reserpine induced a transient (recovers 4 hours after its administration) tactile allodynia during the
acute phase (within 24 hours after the administration). It was revealed that this tactile allodynia is once recovered and
then recurred during the chronic phase (in and after 2 days of administration) as persistent tactile allodynia.

(3) Cold sensitivity

[0037] Timecourse change in the cold sensitivity by single administration of reserpine is shown in Fig. 6C. Reserpine
did not show significant increase in the number of reactions within 24 hours after its administration. On the other hand,
it significantly increased the number of reactions after 2, 3, 5, 7 and 10 days of its administration (two-way analysis of
variance and the Bonferroni method). That is, it was revealed that single subcutaneous administration of reserpine does
notcause a change in cold sensitivity during the acute phase (within 24 hours after administration) butinduces acceleration
of cold sensitivity during the chronic phase (in and after 2 days of administration)

(4) Heat sensitivity

[0038] Timecourse change in the heat sensitivity by single administration of reserpine is shown in Fig. 6D. Reserpine
significantly shortened the latency time in 2 and 4 hours after its administration and 2 and 5 days after the administration
(two-way analysis of variance and the Bonferroni method). That is, single subcutaneous administration of reserpine
induced a transient (recovers 8 hours after its administration) acceleration of heat sensitivity during the acute phase
(within 24 hours after the administration). It was revealed that this acceleration of heat sensitivity is once recovered and
then recurred during the chronic phase (in and after 2 days of administration).

Based on the results of Example 5, it was revealed that, in the animals which received the reserpine treatment, a change
in the pain sensation threshold value different from the case of acute phase (within 24 hours after administration) is
generated during the chronic phase (in and after 2 days of administration) after the reserpine treatment.

[0039] Example 6 Influences of reserpine single administration upon the amounts of dopamine, norepinephrine, se-
rotonin, 3,4-dihydroxyphenylacetic acid (DOPAC; a dopamine metabolite), 3-methoxy-4-hydroxyphenyl ethylene glycol
(MHPG; a norepinephrine metabolite) and 5-hydroxyindoleacetic acid (5-HIAA; a serotonin metabolite) in the spinal
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cord, thalamus and prefrontal cortex.
1. Test methods

[0040] Male Sprague-Dawley rats (7 weeks old, Japan SLC, Hamamatsu, Japan) were used as the animal.

[0041] A total of 72 rats were divided into 12 test schedules (collection of samples before the administration, 2,4,8
and 24 hours after the administration and 2, 3, 5, 7, 10, 14 and 21 days thereafter) and further divided each of them into
a vehicle (0.5% acetic acid aqueous solution) administration group and a reserpine 3 mg/kg administration group, to 3
rats per group. As shown in Example 5, the vehicle or 3 mg/kg of reserpine was administered subcutaneously only once
to each rat, and the brain and spinal cord were quickly collected after 2, 4, 8 or 24 hours or 2, 3, 5, 7, 10, 14 or 21 days
of the administration. The thalamus and prefrontal cortex were separated from the brain on an ice-cold dish. Regarding
the sampling before administration, samples were collected before beginning of the administration of the vehicle or
reserpine. The collected samples were quickly frozen and stored at -80°C until their use in the measurements. On the
day of the measurement, tissues of respective samples were subjected to wet weight measurement, homogenized in
0.2 M perchloric acid/0.1 mM EDTA-2Na solution using an ultrasonic homogenizer. After centrifugation at 15,000 g and
at 4°C for 15 minutes, the supernatant was adjusted to pH 3.5 using sodium acetate and filtered using a filter. Amounts
of dopamine, norepinephrine, serotonin, DOPAC, MHPG and 5-HIAA in these samples were measured using a high
performance liquid chromatography (column: SC-50DS 3.0, 150 mm, Eicom Co., Ltd., Kyoto, Japan, mobile phase
composition: 0.1 M sodium acetate buffer, 0.1 M citrate buffer, pH 3.5, 5 mg/l EDTA-2Na, 200 mg/I sodium octane
sulfonic acid, 16% methanol) and an electrochemical detector (ECD-300, Eicom Co., Ltd., Kyoto, Japan). The meas-
urementwas carried out under conditions of flow rate 0.5 ml/min, applied voltage 750 mV and 25°C. Amounts of dopamine,
norepinephrine, serotonin, DOPAC, MHPG and 5-HIAA in the samples were quantified by comparing sample peak areas
of respective standards measured on the same day of the sample measurement.

All of the measured values were expressed as average value *+ standard error in the graphs, and unit of the measured
values was set to ng/g tissue wet weight. Statistical difference of the measured values between the reserpine adminis-
tration group and the vehicle administration group in each test schedule was carried out by the two-way analysis of
variance and the Bonferroni method. Probability value (P) of less than 5% was judged as statistically significant (P <
0.05 was expressed as * in the graphs).

2. Results
(1) Changes in the spinal cord

[0042] Effects of the single administration of reserpine on the amounts of dopamine, norepinephrine, serotonin,
DOPAC, MHPG and 5-HIAA in the spinal cord are respectively shown in Fig. 7A, Fig. 7B, Fig. 7C, Fig. 7D, Fig. 7E and
Fig. 7F. After 2, 4, 8 and 24 hours and 2, 3, 5, 7, 10, 14 and 21 days of the administration, reserpine significantly reduced
each of the amounts of dopamine, norepinephrine and serotonin (two-way analysis of variance and the Bonferroni
method). On the other hand, reserpine significantly increased the amount of DOPAC after 2, 4, 8 and 24 hours of its
administration, and the amount of 5-HIAA after 4, 8, 24 hours and 2 days, but did not significantly change in both cases
after 2 days or in and after 3 days after the administration (two-way analysis of variance and the Bonferroni method). In
addition, reserpine significantly reduced the amount of MHPG after 4 hours and 7 days of the administration (two-way
analysis of variance and the Bonferroni method). That is, in the spinal cord, amounts of dopamine, norepinephrine,
serotonin and MHPG were reduced by the single subcutaneous administration of reserpine during both of the acute
phase (within 24 hours after administration) and chronic phase (in and after 2 days of administration). On the other hand,
amounts of DOPAC and 5-HIAA increased only during the acute phase (only DOPAC was increased after 2 days of
administration), so that it was revealed that they show different changes during the acute phase and chronic phase.

(2) Changes in the thalamus

[0043] Effects of the single administration of reserpine on the amounts of dopamine, norepinephrine, serotonin,
DOPAC, MHPG and 5-HIAA in the thalamus are respectively shown in Fig. 8A, Fig. 8B, Fig. 8C, Fig. 8D, Fig. 8E and
Fig. 8F. After 2, 4, 8 and 24 hours and 2, 3, 5, 7, 10, 14 and 21 days of the administration, reserpine significantly reduced
each of the amounts of dopamine and norepinephrine and significantly reduced the amount of serotonin after 8 and 24
hours and 3, 5, 7 and 10 days of the administration (two-way analysis of variance and the Bonferroni method). On the
other hand, reserpine significantly increased the amount of 5-HIAA after 2, 4, 8 and 24 hours of its administration, but
there was no significant difference in and after 2 days of the administration (two-way analysis of variance and the
Bonferroni method). In addition, reserpine did not significantly change the amounts of DOPAC and MHPG (two-way
analysis of variance and the Bonferroni method). That is, in the thalamus, amounts of dopamine, norepinephrine and
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serotonin were reduced by the single subcutaneous administration of reserpine during both of the acute phase (within
24 hours after administration) and chronic phase (in and after 2 days of administration). On the other hand, the amount
of 5-HIAA increased only during the acute phase, so that it was revealed that it shows different changes during the acute
phase and chronic phase.

(3) Changes in the prefrontal cortex

[0044] Effects of the single administration of reserpine on the amounts of dopamine, norepinephrine, serotonin,
DOPAC, MHPG and 5-HIAA in the prefrontal cortex are respectively shown in Fig. 9A, Fig. 9B, Fig. 9C, Fig. 9D, Fig. 9E
and Fig. 9F. Reserpine significantly reduced the amount of dopamine after 2, 4, 8 and 24 hours and 2, 3, 5, 7, 10 and
14 days of the administration, the amount of norepinephrine after 2, 4, 8 and 24 hours and 2, 3, 5, 7, 10, 14 and 21 days
of the administration and the amount of serotonin after 2, 4, 8 and 24 hours and 2, 3, 5, 7 and 10 days of the administration,
respectively (two-way analysis of variance and the Bonferroni method). Also, reserpine significantly reduced the amount
of MHPG after 4 hours and 7 days of the administration and the amount of 5-HIAA after 8 hours and 2, 3, 5, 7, 10, 14
and 21 days of the administration (two-way analysis of variance and the Bonferroni method). On the other hand, reserpine
significantly reduced the amount of DOPAC after 2, 3, 5, 7, 10 and 14 days of the administration, but did not significantly
change it within 24 hours after the administration (two-way analysis of variance and the Bonferroni method). That is, in
the prefrontal cortex, amounts of dopamine, norepinephrine, serotonin, MHPG and 5-HIAA were reduced by the single
subcutaneous administration of reserpine during both of the acute phase (within 24 hours after administration) and
chronic phase (in and after 2 days of administration). On the other hand, amount of DOPAC was reduced only during
the chronic phase, so that it was revealed that it shows different changes during the acute phase and chronic phase.
[0045] A summary of the changes in the biogenic amine levels and the levels of respective metabolites during the
acute phase (within 24 hours after administration) by the single administration treatment of reserpine, and a summary
of the changes in the biogenic amine levels and the levels of respective metabolites during the chronic phase (in and
after 2 days of administration) by the single administration treatment of reserpine is shown in the following Table 1 and
Table 2, respectively.

[Table 1]

Dopamine Dopamine Norepinephrine | Norepinephrine | Serotonin Serotonin
metabolite metabolite metabolite 5-
DOPAC MHPG HIAA
Spinal cord ) l )
Thalamus - - )
Prefrontal - d d
cortex

Downward arrow or upward arrow: Indicates that the object is significantly decreased, or significantly increased, in
the reserpine-treated rat in comparison with the vehicle-treated rat at the time of measurement during acute phase
(within 24 hours after administration) after the reserpine treatment.

-: Indicates that there is no statistical difference between the reserpine-treated rat and the vehicle-treated rat at the
time of measurement during the acute phase after the reserpine treatment.

Note): At the time of measurement during the acute phase after the reserpine treatment, the sensitivity for tactile
(filament) stimulation and heat stimulation is accelerated, but the sensitivity for muscle pressure stimulation is
decreased and the sensitivity for cold stimulation is not changed.

[Table 2]
Dopamine Dopamine Norepinephrine | Norepinephrine | Serotonin Serotonin
metabolite metabolite metabolite 5-
DOPAC MHPG HIAA
Spinal cord N - d l d -
(Other than
after 2 days)
Thalamus l - l - l -
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(continued)

Dopamine Dopamine Norepinephrine | Norepinephrine | Serotonin Serotonin
metabolite metabolite metabolite 5-
DOPAC MHPG HIAA
Prefrontal N l l 2 l l
cortex

Downward arrow or upward arrow: Indicates that the object is significantly decreased, or significantly increased, in
the reserpine-treated rat in comparison with the vehicle-treated rat at the time of measurement during chronic phase
(2 days or longer after administration) after the reserpine treatment.

-: Indicates that there is no statistical difference between the reserpine-treated rat and the vehicle-treated rat at the
time of measurement during the chronic phase after the reserpine treatment.

Note): At the time of measurement during the chronic phase after the reserpine treatment, all of the sensitivities for
muscle pressure stimulation, tactile (filament) stimulation, cold stimulation and heat stimulation are accelerated.

[0046] Based on the results of Example 6, it was revealed that levels of the biogenic amine metabolites in the animals
which received the reserpine treatment differ between the acute phase (within 24 hours after administration) and the
chronic phase (2 days or longer after administration), depending on the species of the amine or the regions in the brain.
Since it has been suggested that increase of the levels of biogenic amine metabolites means activation of biogenic
amine signals (Roth et al., 1976), it is considered that the changes in the levels of biogenic amine metabolites are
influencing upon the pain sensation threshold values. That is, it was shown that the difference in the pain sensation
threshold values during chronic phase and acute phase described in Example 5 is due to the difference in activation
conditions of the biogenic amine signals suggested by the levels of biogenic amine metabolites.

INDUSTRIAL APPLICABILITY

[0047] The disease animal model for use in the present invention which expresses both of chronic pain symptoms
(chronic muscle pain and chronic tactile allodynia) and depressive symptom is extremely useful as a model that reflects
disease states of chronic pains, particularly fibromyalgia, and substances as candidates of therapeutic agents for chronic
pains, particularly fibromyalgia, can be efficiently evaluated by a screening method that uses this disease animal model.

Claims

1. Use of a rodent to which reserpine was administered for inducement of chronic muscle pain and/or chronic tactile
allodynia as a disease animal model for chronic pain.

2. The use according to claim 1, wherein the disease animal model further expresses a depression symptom.
3. The use according to claim 1 or 2, wherein the rodent is a rat.

4. Amethod for screening for a therapeutic agent of chronic pain, characterized in that a test substance is administered
to the disease animal model as defined in any one of claims 1 to 3.

5. The method for screening according to claim 4, wherein the muscle pressure pain threshold value, the skin pain
sensation threshold value, cold sensitivity and/or heat sensitivity is measured.

6. The method for screening according to claim 4 or 5, wherein the chronic pain is fibromyalgia.

Patentanspriiche

1. Verwendung eines Nagetiers, dem Reserpin zur Erzeugung von chronischem Muskelschmerz und/oder chronischer
taktiler Allodynie verabreicht wurde, als ein Krankheitstiermodell flir chronischen Schmerz.

2. Verwendung gemal Anspruch 1, worin das Krankheitstiermodell weiterhin ein Depressionssymptom zum Ausdruck
bringt.
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3. Verwendung gemaR Anspruch 1 oder 2, worin das Nagetier eine Ratte ist.

4. Verfahren zum Screenen eines Therapeutikums fur chronischen Schmerz, welches dadurch gekennzeichnet ist,
dass eine Testsubstanz einem Krankheitstiermodell, wie in einem der Anspriiche 1 bis 3 definiert, verabreicht wird.

5. Verfahren zum Screenen gemaR Anspruch 4, worin der Schwellenwert des Muskeldruckschmerzes, der Schwel-
lenwert der Hautschmerzempfindung, die Kélteempfindlichkeit und/oder die Warmeempfindlichkeit gemessen wird.

6. Verfahren zum Screenen gemaR Anspruch 4 oder 5, worin der chronische Schmerz Fibromyalgie ist.

Revendications

1. Utilisation d’'un rongeur auquel de la réserpine a été administrée pour induire une douleur musculaire chronique
et/ou une allodynie tactile chronigue comme modéle animal de maladie pour la douleur chronique.

2. Utilisation selon la revendication 1, ou le modele animal de maladie exprime en outre un symptéme de dépression.
3. Utilisation selon la revendication 1 ou 2, ou le rongeur est un rat.

4. Procédé de sélection d’'un agent thérapeutique de douleur chronique, caractérisé en ce qu’une substance test est
administrée au modéle animal de maladie tel que défini dans I'une quelconque des revendications 1 a 3.

5. Procédé de sélection selon la revendication 4, ou la valeur seuil de douleur de pression musculaire, la valeur seuil
de sensation de douleur cutanée, la sensibilité au froid et/ou la sensibilité a la chaleur est mesurée.

6. Procédé de sélection selon la revendication 4 ou 5, ou la douleur chronique est la fibromyalgie.
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[Fig. 4]
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[Fig. 5]
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